Various serum proteins are known to be present in alveolar lining fluid, although the transport mechanisms underlying their presence remain unclear. In this study, we characterized immunoglobulin G (IgG) transport across rat alveolar epithelial cell monolayers cultured on permeable supports. Unidirectional fluxes of biotin-labeled rat IgG (biot-rIgG) were measured in the apical-to-basolateral (ab) and opposite (ba) directions as functions of 
INTRODUCTION
Alveolar epithelium lines the distal airspaces of the lung and provides high resistance to the leak of solutes and fluid from the surrounding interstitial and vascular spaces (18) .
Various serum proteins (e.g., albumin, transferrin, and immunoglobulin G) are known to be present in alveolar fluid lining distal airspaces, although the underlying transport mechanisms that account for their presence are not well delineated (10, 12, 19) . Alveolar protein clearance is essential for resolution of both hydrostatic and (especially) high permeability pulmonary edema. Understanding the mechanisms of alveolar protein clearance may be useful in the management of patients with alveolar pulmonary edema and in providing new insights into trans-pulmonary delivery of exogenous protein drugs.
Proteins in the alveolar space may be cleared by endocytosis and degradation inside alveolar epithelial cells, by transcytosis across the alveolar epithelium, or by restricted diffusion through the epithelium (10, 12, 19, 20) . The relative contributions of each of these three pathways to total clearance of proteins from the air spaces are not known. Previous reports suggest the possibility of transcellular mechanism(s) (e.g., receptor-mediated or adsorptive transcytosis (24) for transport of macromolecules across alveolar epithelium.
Protein transport studies utilizing intact lung are not ideal for inferring mechanistic information because of the anatomical complexity and inherent problems (e.g., series and parallel arrangement of biological barriers, presence of unstirred layers, and unknown distribution volumes and surface areas for solute transport) associated with interpretation of experimental data. In this regard, a simplified model of the alveolar epithelial barrier (primary cultured rat alveolar epithelial cell monolayers (16, 21) ) has been utilized widely to
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study transport mechanisms. The monolayers exhibit morphologic and phenotypic characteristics of in vivo type I pneumocytes (4), develop high barrier resistance (> 2,000Ω-cm 2 ), and actively reabsorb Na + (about 0.2 µEq/cm 2 /h) from apical fluid (17) . Using this in vitro model, transport of dextrans (22) was shown to primarily occur paracellularly with little contribution by pinocytosis. Horseradish peroxidase (HRP) was shown to be transported transcellularly via non-specific fluid phase endocytosis (23), while enkephalin transport mediated via simple diffusion has been reported (35) . Transport of HRP (conjugated to transferrin) was enhanced due to receptor-mediated transcytosis of transferrin (6, 36) .
In this study, we explored the mechanisms of IgG transport across primary cultured rat alveolar epithelial cell monolayers. In order to test the hypothesis that IgG is transported via receptor-mediated transcytosis across alveolar epithelium, we investigated the effects of IgG concentration and temperature on fluxes of biotin-labeled IgG in the apical-to-basolateral (ab) and opposite (ba) directions. In addition we also investigated the effects of day in culture, apical fluid pH and dexamethasone to provide further insights into IgG transport across alveolar epithelium. Our results support the hypothesis that IgG translocation across the alveolar epithelial barrier occurs predominantly via transcellular saturable processes mediated by the neonatal Fc receptor, FcRn. supplemented with 1% nonessential amino acids, 2 mM glutamine, 100 U/mL penicillin, 100µg/mL streptomycin, and 0.1% bovine serum albumin). Medium is changed at 48 hr and monolayers are maintained thereafter in MDSF unless otherwise noted. From day 3 onwards, confluent monolayers are populated with cells that have undergone transdifferentiation to exhibit morphologic (e.g., bulging nuclei with thin cytoplasmic extensions (4)) and phenotypic (e.g., reactivity towards an antibody recognizing a rat type I cell epitope (5)) features similar to those found in type I pneumocytes in vivo. Monolayers (n = 96) develop transepithelial electrical resistance (Rt) = 2.52 + 0.03 kΩcm 2 and transmonolayer potential difference (PD) = 11.3 + 0.1 mV (apical negative) on days 3-4 in primary culture.

MATERIALS AND METHODS
Primary culture of rat alveolar epithelial cell monolayers (RAECM)
Measurement of unidirectional fluxes of biotinylated rat IgG (biot-rIgG)
For flux studies, both apical (0.5 mL) and basolateral (1.5 mL) fluids of RAECM cultivated on 12 mm Transwells were washed once with pre-warmed MDSF and allowed to equilibrate in a humidified incubator (5% CO 2 in air, 
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were estimated using bathing fluids of monolayers that were treated similarly but without exposure to biot-rIgG. Some of the microplate wells contained serial dilutions of fresh biotrIgG (ranging from 0.125 to 100 pM) dissolved in MDSF for generation of a standard curve.
The 96 well plate was washed 3 times for 5 min each with shaking, using 0. 
Effects of glucocorticoids on IgG transport
The effects of glucocorticoid exposure on IgG transport were investigated.
Dexamethasone (100 nM) was added at various time points in culture to both apical and basolateral bathing fluids and allowed to incubate for different time intervals (e.g., 12, 24, 48, and 72 hr). Unidirectional fluxes of biot-rIgG (at 25 nM) were measured as above.
Reverse transcription-polymerase chain reaction (RT-PCR) to identify cDNA fragments of
α-and β-subunits of rat FcRn gene
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Total RNA from day 6 RAECM (grown on 24 mm tissue culture-treated Transwells) was extracted using RNeasy Mini Kit (Qiagen, Valencia, CA). The integrity of the extracted RNA was further evaluated by denaturing-agarose (1%) gel electrophoresis. Primer pair, 5'-CGGAGCTCAAGTTTCGATTC-3' and 5'-GAAGCAGGCCACAAAAGAAG-3', encompassing a 542-bp segment of the α-subunit of rat FcRn, was utilized for RT-PCR analysis. The Superscript One-
Step RT-PCR kit with platinum ® Taq The same RT-PCR procedure was used for amplifying a 194-bp segment of rat β2-microglobulin (the β-subunit of rat FcRn), except for using primer pair of 5'-GTCTCAGTTCCACCCACCTC-3'
and 5'-TTTTGGGCTCCTTCAGAGTG-3'. Electrophoresis using the NuSieve 3:1 agarose (3%, BioWhittaker, Rockland, ME) was conducted to analyze the PCR amplification product. In one of the lanes, a DNA molecular weight ladder (Gibco BRL, Rockville, MD) was loaded to estimate the relative molecular size of RT-PCR products. GelStar stain (BioWhittaker) was used for DNA detection in a UV Transilluminator (Fotodyne, Hartland, WI) and photographed using a GelStar filter (BioWhittaker).
To further confirm the molecular sequence of the RT-PCR products obtained above, DNA bands of interest were excised from the agarose gel and the cDNA fragments extracted using the Ultrafree TM DA centrifugal filter device (Millipore, Bedford, MA). The extracted cDNA fragments were cloned using chemically competent E. coli that was supplied with the TOPO TA Cloning Kit (Invitrogen, Carlsbad, CA), and plasmid DNA was isolated using the
HiSpeed ® plasmid purification kit (Qiagen). The plasmid was analyzed by restriction analysis using EcoR I digestion based on the vector map provided by the supplier. Molecular sequence of the DNA was identified by standard DNA sequencing methods.
Northern analysis
Total RNA was extracted from day 6 cell monolayers that were either exposed to dexamethasone (100 nM) for 72 hr as above or grown in MDSF (control). Five micrograms each of these RNA samples were fractionated on 1% denaturing-agarose gel and transferred to 
Statistical analysis
Data are presented as mean ± SEM. Unpaired Student's t-tests were used to compare differences between two group means. For comparisons of multiple group means, one-way analysis of variance followed by Dunn's multiple comparisons were used to contrast the difference(s). p<0.05 is considered to be statistically significant. We investigated the effects of various IgG-related macromolecules on receptormediated transport of biot-rIgG, using 100x molar excess unlabeled macromolecules (i.e., 2500 nM) in upstream fluid that contained 25 nM biot-rIgG. As seen in Figure 3 , the presence of unlabeled rFc, but not rFab, rF(ab') 2 or IgY, led to significant decreases (by ~80%) in unidirectional fluxes of biot-rIgG in both ab and ba directions. These data indicate that the We determined if RAECM express the gene for an IgG receptor, FcRn, reported to be present in various epithelial/endothelial tissues using RT-PCR. As seen in Figures 7 and 8, 
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RESULTS
542-bp and 194-bp bands expected from the F-and R-primer sets for α-and β-subunits of rat
FcRn gene, respectively, were detected using RNA obtained from day 6 RAECM. When the gel-purified α-subunit fragment of rat FcRn gene was ligated into the pCR II-TOPO vector and subsequently analyzed using EcoR I enzyme, an expected size of 560-bp for the fragment of the α-subunit of rat FcRn gene was found. Moreover, sequencing of the purified plasmid using
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the FcRn forward primer yielded 100% identical sequence to that reported for the α-subunit of rat FcRn gene. With similar approaches, the sequence of the β-subunit of rat FcRn gene was also confirmed (data not shown). These data suggest that RAECM express both α-and β-subunits of rat FcRn gene.
We determined the effects of dexamethasone (100 nM) on IgG transport across RAECM by measuring unidirectional fluxes and mRNA levels for FcRn. As seen in We also determined the mRNA levels for RAECM exposed to either 100 nM dexamethasone for 72 hr starting from day 3. As seen in Figure 10 , northern analysis of RNA extracted from these monolayers showed that dexamethasone exposure led to ~41% decrease in mRNA level for the α-subunit of rat FcRn gene in comparison to control. On the other hand, mRNA levels for an internal control, GAPDH, did not appreciably change (data not shown). These data indicate that dexamethasone downregulates the mRNA level of the rat FcRn gene.
DISCUSSION
In this study, we demonstrate that IgG transport across primary cultured rat alveolar epithelial cell monolayers occurs via a regulable saturable (i.e., receptor-mediated) process, 
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IgG concentration of 60 nM (7). These data suggest that rates, direction-dependence, and associated mechanisms of IgG transport are tissue-and/or cell-specific.
In summary, we have demonstrated that IgG transport across primary cultured rat alveolar epithelial cell monolayers takes place via a saturable (i.e., receptor-mediated) 
